Left ventricular hypertrophy (LVH) has been associated with an increased incidence of ventricular arrhythmias and sudden cardiac death in hypertensive patients. However, it is not known whether this relationship exists in early asymptomatic hypertensives with mild LVH. We prospectively examined 100 consecutive patients with essential hypertension, 35 without and 65 with mild LVH on echocardiography. All underwent a detailed noninvasive arrhythmia work-up and were subsequently followed-up for 3 ؎ ؎ 1 years in an ambulatory hypertension clinic. None of the 12-lead electrocardiographic parameters examined differed between the two hypertensive groups. A similarly low incidence of simple forms of ventricular ectopy was present in both groups, whereas complex forms of ventricular ectopy were extremely rare in either group. The signal-averaged electrocardiographic parameters examined were also not significantly affected by the presence of mild LVH. Arrhythmia-related symptoms or malignant ventricular arrhythmia events were not observed in either group of patients during follow-up with antihypertensive treatment. The latter resulted in LVH regression in the 65 patients with mild LVH at baseline. It appears that mild LVH among ambulatory hypertensive patients does not carry an additive arrhythmogenic risk and can be successfully reversed with the appropriate antihypertensive therapy, with no need of additional antiarrhythmic management. Am J Hypertens 2000;13:340 -345
T he prevalence of essential hypertension in the general population is high. 1 The introduction of a variety of antihypertensive agents has significantly decreased the incidence of major complications from target organ damage when these agents are employed at early stages of the disease. 2 The cardiac manifestations of systemic hypertension include left ventricular hypertrophy (LVH) at early stages and dilatation with left ventricular dysfunction at late decompensated stages. Both have been associated with an increased incidence of ventricular arrhythmias and sudden cardiac death. 3 The latter has been observed in patients in whom the electrocardiographic presence of LVH was also associated with an increased incidence of congestive heart failure, coronary heart disease, acute myocardial infarction, and a total 12-year mortality of 59%. [3] [4] [5] However, the identification of hypertensive patients with electrocardiographic evidence of LVH is an uncommon event today. 6 On the contrary, the presence of LVH by echocardiographic examination is reported in more than half of hypertensive patients from the very early stages of the disease, at times even before the disease has manifested itself. 6 -9 It appears that even the echocardiographic presence of LVH is an adverse prognostic indicator. 10, 11 This, in conjunction with evidence that LVH regression can be achieved with different antihypertensive drugs, makes echocardiographic detection of LVH at early stages of the disease a desirable goal. [12] [13] [14] In this study we examined whether mild LVH in ambulatory asymptomatic patients with essential hypertension is associated with significant arrhythmogenic changes resulting in adverse clinical events on the long-term follow-up.
MATERIALS AND METHODS
One hundred consecutive hypertensive patients first seen in an ambulatory hypertension clinic comprise the study population. All patients were studied at baseline, after discontinuation of previous antihypertensive therapy for at least four half-lives. The diagnosis of hypertension was established by at least three measurements at rest and on different occasions of greater than 140/90 mm Hg. Secondary causes of hypertension as revealed by laboratory examination were excluded. None of the patients had coronary artery disease, valvular heart disease, hypertrophic or dilated cardiomyopathy, diabetes mellitus or other endocrine disease, syncope, or a history of malignant arrhythmias. Patients taking antiarrhythmic agents or with bundle branch block were excluded. A complete physical examination, M-mode, two-dimensional echocardiography, 12-lead electrocardiography, 24-h electrocardiographic recording, and signal-averaged electrocardiography were completed in all patients using standard techniques.
Echocardiographic Studies M-mode and two-dimensional echocardiograms were obtained according to the criteria of the American Society of Echocardiography. 15 Left ventricle mass (LVM) was calculated by the equation LVM ϭ (interventricular septum thickness ϩ posterior wall thickness ϩ end-diastolic diameter) 3 Ϫ end-diastolic volume ϫ 1.04, as reported. 16 Left ventricle mass index was calculated by the ratio of LVM to body surface area. Left ventricular hypertrophy was defined as LVM index (LVMI) Ͼ 130 g/m 2 .
12-Lead Electrocardiography (ECG)
Standard 12-lead ECG were recorded on a three-channel Marquette recorder with the patient in the supine position. The following parameters were analyzed: sum of R-wave amplitude in lead I and S-wave amplitude in lead III (R 1 S 3 ); R-wave amplitude in leads avL, avF, V 5 , or V 6 ; S-wave amplitude in lead V 1 ; sum of S-wave amplitude in lead V 1 and R-wave amplitude in leads V 5 or V 6 ; presence of left atrial enlargement (LAE) or left axis deviation (LAD); QRS duration; intrinsicoid duration; Estes score; and voltage criteria for LVH.
24-h Electrocardiographic Recording
Ambulatory ECG recordings using two-channel Oxford Medilog II TM MR45 (Oxford Medical Instruments, Abington, Oxon, UK) recorders were obtained. Modified V 1 and V 5 leads were recorded. Patients were instructed to use the event button of the recorder whenever they felt any precordial distress. The following parameters were analyzed: mean heart rate, maximal heart rate, minimal heart rate, number of premature ventricular contractions per hour (PVC/h), occurrence of multiform PVC/24 h, occurrence of R-on-T phenomenon, number of ventricular couplets/24 h, number of nonsustained or sustained VT episodes/24 h, where sustained VT was defined as VT episodes of more than 30 s in duration.
Signal-Averaged Electrocardiography Signal-averaging (40-to 250-Hz filtering) was obtained with a Corazonix predictor according to a previously described technique. 17 Up to 600 cardiac cycles were averaged to reduce the noise level below 0.5 V. The following parameters were calculated: filtered QRS duration (Flt QRS), low-amplitude signal duration (LAS), root mean square voltage of the last 40 ms of the filtered QRS complex (RMS-40), and presence of late potentials (conventional European Society of Cardiology/American Heart Association/American College of Cardiology criteria were used).
Laboratory Examinations Serum lipid determinations were done on fresh plasma samples collected after 12 h of fasting. Total and high-density lipoprotein (HDL) cholesterol were measured by the enzymatic colorimetric and the phosphotungstate method. 18 Plasma renin activity was measured in the morning, after 30 min of rest in the supine position in a quiet room, using the Clinical Assays plasma renin activity radioimmunoassay kit. 19 Standard laboratory examinations were done in all patients, to exclude secondary forms of hypertension or the coexistence of other systemic diseases.
Hypertensive patients were treated with either a calcium channel blocker (amlodipine) or an angiotensin converting enzyme inhibitor (lisinopril) to achieve blood pressure values Ͻ 140/90 mm Hg at rest, or a fall of Ͼ 10 mm Hg in diastolic blood pressure.
Based on echocardiographic criteria for LVH, the study population was divided into two groups: Group 1 (G 1 Table  1 . Hypertensive patients with echocardiographic criteria for LVH were older, with higher systolic blood pressure at rest, and larger body mass index and body surface area. The 12-lead electrocardiographic data are shown in Table 2 . None of the electrocardiographic variables examined differed between the two groups. Although the Estes score was higher among the hypertensive patients with echocardiographic LVH, the difference did not reach statistical significance and the mean value observed (1.3 Ϯ 1.8) was far from fulfilling the electrocardiographic criteria for left ventricular hypertrophy. The QRS as well as the intrinsicoid duration were similar among the two groups. The detection of either left atrial enlargement or left axis deviation was uncommon in either group. Similarly, voltage criteria for LVH were uncommonly met in either group.
RESULTS

Patient's clinical characteristics are presented in
The results of the 24-h electrocardiographic recordings in the two patient groups are presented in Table  3 . Mean heart rate as well as the maximal and minimal heart rate values observed during the 24-h recording period were similar in both hypertensive groups. The number of premature ventricular contractions per hour of recording was low (Ͻ 10 PVC/h) and was not affected by the presence of echocardiographic LVH. The vast majority of the premature ventricular contractions were uniform. A similar minority of hypertensive patients in both groups had multiformed premature ventricular contractions (7.4% in G 1 v 7.8% in G 2 patients). R-on-T phenomenon was documented in only one hypertensive patient with echocardiographic evidence for LVH. The occurrence of ventricular couplets was a rare event during the recording period in both hypertensive patient groups. Potentially malignant or malignant ventricular arrhythmias in the form of unsustained or sustained ventricular tachycardia were not detected in any of the 100 hypertensive patients studied.
The results of the signal-averaged electrocardiography 
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are summarized in Table 4 . A satisfactory noise level was achieved in both groups studied (0.38
Although there was a minimal trend for the filtered QRS duration and the low-amplitude signal duration to be longer in the hypertensive group with echocardiographic LVH, there was no statistically detected difference between the two groups. Similarly, the root mean square voltage of the last 40 ms of the filtered QRS complex was not different between the two groups. Using the ESC/AHA/ACC Task Force criteria for the presence of late potentials, at least one abnormal value was detected in a similar proportion of hypertensives (35.4% in G 1 patients v 33.3% in G 2 patients). Even when more stringent signal averaged electrocardiogram (SAECG) criteria, such as the presence of two abnormal parameters, were applied, no difference was detected (16.1% in G 1 v 15.8% in G 2 patients). All three parameters were abnormal in a similar minority of both groups (3.2% in G 1 v 3.5% in G 2 patients). Patients in both groups had reduced LV wall thickness and LV mass after 6 months of antihypertensive treatment (Table 5 ). LV mass index was reduced more in patients with baseline LVH (Ϫ12% v Ϫ7%, P Ͻ .0001). Plasma renin activity and serum lipids had similar values in both groups at baseline, and did not change significantly posttreatment (P ϭ NS).
During the 3 Ϯ 1 years of follow-up, no arrhythmic events were detected in either group. Specifically, none of the patients complained of severe palpitations, presyncope, or syncope. There was no hospitalization for sustained ventricular arrhythmias and all patients remain alive.
DISCUSSION
This prospective study examined 100 asymptomatic ambulatory hypertensive patients of an ambulatory hypertension clinic with a noninvasive ventricular arrhythmia work-up. None of the patients had a known history of cardiac disorder, syncope, or life-threatening arrhythmias and thus the arrhythmia work-up findings could safely be attributed to the systemic hypertension alone. Although electrocardiographic criteria for LVH were uncommonly met in our study group (6.5%), such echocardiographic criteria were present in 65 patients (65%). This is in accordance with previous studies showing the high sensitivity of the echocardiogram for the detection of LVH among hypertensive patients. 6 -9 The hypertensive patients with echocardiographic evidence for LVH were older with higher systolic blood pressure at rest and a larger body mass index. However, their contractility indices did not differ from their counterparts without LVH. The degree of LVH as expressed by the LVMI could be characterized as mild to moderate. 20 Despite the presence of mild LVH, the examined 12-lead electrocardiographic variables were not significantly affected when compared with the hypertensive patients without LVH. Although the Estes scores reached a higher value in the LVH group (1.3 Ϯ 1.8 v 0.8 Ϯ 1.6), the difference was not significant and the observed score value was far from that proposed for the ECG presence of LVH. 21 Potentially malignant or malignant ventricular arrhythmias, namely unsustained or sustained ventricular tachyarrhythmias, were not observed in either hypertensive patient group during the 24-h recording period. 22 Such life-threatening ventricular arrhythmias have been documented in hypertensive patients with severe LVH (LVMI Ͼ 200 g/m 2 ) or depressed left ventricular function and thus are manifestations of advanced hypertensive heart disease if not of a subpopulation of hypertensive patients not yet well examined. [23] [24] [25] Complex forms of ventricular ectopic activity were also rarely seen in the hypertensive groups studied. Indeed, R-on-T phenomenon was seen in only one patient, ventricular couplets were rare, and multiformed premature ventricular contractions were present in less than 8% of both patient groups. Similarly, the incidence of simpler forms of ventricular ectopy, such as premature ventricular contractions, was similar and low in both groups (6.8 Ϯ 2.1 v 6.0 Ϯ 1.9 PVC/h, P ϭ NS). Thus, contrary to previous studies, the presence of mild LVH was not associated with an increased incidence of either simple or complex forms of ventricular ectopy. 26, 27 This discrepancy may be due to different patient populations studied, the retrospective nature of many previous studies, the age and severity of LVH, or to the well-known variability of Holter findings. We believe our hypertensive patients studied reflect the average hypertensive patient without other concomitant cardiac disorders presenting in an outpatient clinic on a daily basis. Similarities to our results among hypertensive patients with mild forms of LVH have been reported by others. 7, 28 The signal-averaged electrocardiogram indices were also not affected by the presence of mild LVH. Similarly, the incidence of late potentials using different criteria of positivity was not different in both groups examined. When defining late potentials by the presence of at least one abnormal SAECG value, these markers of delayed and nonhomogeneous ventricular activation were commonly met among our hypertensives regardless of the presence of mild LVH on echocardiography. However, only three of the 100 patients examined (two patients with LVH) had all three SAECG parameters abnormal. These observations are in agreement with previous reports. 7, 29, 30 A much lower incidence of late potentials among hypertensives with preserved left ventricular systolic function has been reported by others. 24, 31, 32 It is interesting that among hypertensives with advanced degrees of LVH, left ventricular dysfunction, and a history of malignant ventricular arrhythmias, all three SAECG parameters defining late potentials are commonly abnormal. 24 In this hypertensive patient cohort examined, we found the presence of mild echocardiographically detected LVH not to be associated with adverse clinical events during the 3-year follow-up. This could be due to the application of appropriate antihypertensive treatment resulting in LVH regression and adequate blood pressure control. Nevertheless, even at baseline, when the two groups were compared using a variety of noninvasive arrhythmia indices, there were no additional significant arrhythmogenic changes induced by the presence of mild LVH. It is likely that such changes occur with advanced forms of LVH or in hypertensive patients with associated cardiac disorders or left ventricular dysfunction. Thus it is highly desirable to initiate appropriate antihypertensive therapy at early stages when mild LVH has not yet resulted in significant arrhythmia substrate changes. It would be expected that regression of LVH by such therapy will prevent serious future arrhythmia events.
Limitations
The degree of left ventricular hypertrophy in this hypertensive study population was mild. Thus extrapolations for hypertensive patients with more advanced forms of left ventricular hypertrophy are not valid. Furthermore, elderly hypertensives were rather few among our patient population. It would be interesting to explore the arrhythmogenic effect of old age and severe left ventricular hypertrophy in a future study.
Conclusion
In this study we did not find any correlation between echocardiographic evidence for mild LVH and worrisome arrhythmologic abberations among 100 ambulatory patients with essential hypertension. Although the incidence of simple forms of ventricular ectopy and late potentials was not unremarkable in both hypertensive groups examined, the long-term clinical follow-up was free of any significant arrhythmic clinical events.
